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Atmospheric Oscillations After the May 18, 1980 
Eruption of Mount St. Helens 


Bruce A. Bolt and 
Toshiro Tanimoto 

Selsmographlc Station, 

University of California, Berkeley 

Observations 

Airwaves corresponding both to direct (Al) and antipo- 
dean (A2) travel paths were clearly recorded on a sensitive 
mlcrobarograph at Berkeley after the violent eruption of 
Mount St. Helens on May 18, 1980 (see Figure 1). These 
unusual complementary recordings throw light on the 
acoustic energy released as compared with Krakatoa [Sfra- 
chey, 1888], atmospheric oscillations and their attenuation, 
and the directive properties of the phreatic blast. The princi- 
pal explosive eruptions followed closely on an earthquake, 
Richter magnitude 4.8, origin time 1532 GMT, centered 
near the volcano. Atmospheric waves and associated mag- 
netic perturbations [Fougere and Tsacoyeanes, 1980] from 
these eruptions were recorded by microbarographs, seis- 
mographs, and magnetometers around the world. In partic- 
ular, Rllsema [1980] has published records of the Al atmo- 
spheric wave train and the A2 wave (called B1 by him) re- 
corded at De Bilt, Holland. The A2 waves at De Blit, 
however, are barely visible on the paper record. 

The mlcrobarograph in the Berkeley selsmographlc vault 
slso clearly recorded atmospheric waves produced during 
Die sudden vertical fault displacement in the great 1964 
Alaskan earthquake [Bolt, 1964]. The barograph Is de- 
signed to respond to pressure fluctuations of periods down 
to 10 s. The signal Is recorded continuously on a paper 
chart which moves at 6 mm/ml n. The sensitivity in May 
1980 was set so that 1 mm of deflection corresponds to a 
sudden pressure variation of 0.0090 mbar. Local fluctua- 
tions in air pressure were very small at the time of arrival of 
both the Al and A2 wave trains from the Mount St. Helens 
eruption, with signal to noise ratio of at least 10 to 1. The 
mean velocities of wave components to Berkeley are given 
in the (able together with the periods. No atmospheric 
waves were detected on the Berkeley mlcrobarograph cor- 
responding to A4, but A3 may have been recorded. 

The Al wave train shows an intriguing complexity. The 
periods of the air waves range from 2 min to almost 20 
min. There are two sharp maxima with widths of approxi- 
mately 3 min, about 6 min apart. Their onsets, designated 
a and c In Table 1 , have group velocities of 308 m/s and 
M2 mis. respectively. Their appearance Is so similar that 






they suggest a double source (see discussion below). The 
velocity and wave length of the first pulse (Ala) are consis- 
tent with the arrival of the first atmospheric gravity mode 
GR 0 , with group velocity predicted by the standard ARDC 
atmosphere [Harkrlder and Press, 1967]. This pulse, asso- 
ciated with a flat dispersion curve, Is immediately followed 
by oscillations with periods of aboul 1 min thal correspond 
to purely acoustic modes. The second pulse Ale Is again 
followed by high-frequency oscillations superimposed on a 
very long period excursion (about 18 min), which corre- 
sponds to the group of waves traveling with a velocity of 
254 m/s. Theory predicts [Harkrlder and Press, 1967] thal 
these late-arriving waves correspond to the gravity mode 
GR, or GRz. 


Source Properties 

The elegant double pulse In the Al train shown in Figure 
1 could arise from either source or path properties. We fa- 
vor the former, based on a number of trial experiments. In 
one we subtracted from the record a repetition o( the first 
pulse and its coda (adjusted for amplitude) at the lag ap- 
propriate to the second pulse. The resulting record was 
consistent with the double source hypothesis, i.e., that 
there were two eruptive events 6 min apart. 

These blasts need not be. of course, in the same direc- 
tion. Independent evidence comes from field observations 
near Mount St. Helens [Christiansen, 1980]. The first pulse 
(Al a) no doubt was produced by the great lateral blast 
which initiated the eruption. A vertical eruption was then 
observed which, within 10 min of the Initial lateral blast, had 
risen to a height of 20 km. The second pulse (Al c) could 
well correspond to Ihis blast. 

A study of the spectrum from the direct wave Al and the 
antipodean wave In the opposite direction. A2, provides ev- 
idence on source propagation. A well-known procedure Is 
to lake the ratio (thus removing instrument effects) of the 
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Fig \ Berkeley barograms showing aimospheric waves atler the Mount St Helens eruption. May 18. I960. The top record shows 
the Al wave train that begins 50 min after 1532 UT: the boitom record shows !he antipodean A2 train thal begins 34 hours and 38 
min after 1532 UT. 


Over 33 hours later, a more-or-less monochromatic train 
of air waves arrives al Berkeley, as shown In the lower part 
of Figure 1 . The train onset (A2a) corresponds to the GR 0 
acoustic wave with a velocity of 314 m/s. The wave train 
remains at about 7-min period but with decreasing ampli- 
tude until, about 30 minutes later, amplitudes again rise lo 
the maximum in this portion of the barogram. The pulse 
marked A2d has a velocity of 306 m/s If II Is part of the A2 
train. If, however, it corresponds to the circumnavigating 
antipodean train A3. Its velocity would be 320 mis. In lacl 
the barogram shows wave motion continuing for about 30 
min after the largest wave, and these later arrivals no doubt 
correspond to A3 waves of tow amplitude that travel with 
velocities of about 315 m/s. The appearance ql the doublet, 
therefore, on the lower record ol Figure 1 Is probably best 
explained as the superposition of the two wave trains A2 
and A3. 

Energy 

The larqest pressure variations at Berkeley In the Al and 
A2 pulses were about 3.5 and 1 .3 mbar, respective y Fa- 
ble 1) The amplitude of the air wave associated with the 
oulse Ala Is thus about 3.5 m. Knowledge of the wave am- 
plitudes enables, by Integration over the number ofeyces 
and through the volume of atmosphere Involved, an esti- 
mate of the energy carried by tha atmospheric waves. Cal- 
Son indicates that this energy In the Al train wee al 
least 10 s * eras, a value verified by a similar calculation for 
he A2 train This value Is less than the De Bill estimate 
\ Rllsema 1980] that lha blast energy from Ihe Mounl SI. 
HeSerJptlon was perhaps equivalent lo ha o a nuclear 
-vnincinn of 10 MT of TNT. The present calculation sug- 
that this energy value may be on the high side. From 

recorded lhB Krakaloa axpto- 

tf ? 0 inferred 10^ ergs In the atmospheric OBdlla- 

later, (Yeas and HaW [19671 
SiateS eouwent surface axploilon at Krakaloa ol 
about 100 to 150 MT. • 


two spectra (A2 to Al ) and examine the spectral modula- 
tion produced by the finite velocity of propagation of the 
source. Because the field evidence ths I the great initial 
eruption extended 20 km to ihe north (away from Berkeley) 
is unequivocal, we might expect to see the effect of this in 
the A2/A1 spectrum (Figure 2). The condition for minima is 
lhat nTuc ^ Lie - a), where L is the length traversed by 
the source, c is the velocity of the air wave, and u is the 
velocity of the front of the blast; T Is the period of the wave, 
and n is an integer that must be assigned. Taking ihe first 
minimum at T = 396 s, n ~ 1 , and c * 300 m/s, we ob- 
tain a source velocity of 40 m/s for a source propagation 
distance of 20 km. If the second minimum at T - 28 8 s Is 
used, the blast velocity is about 32 m/s. Propagation veloci- 
ties of glowing avalanches have, in the past, been estimat- 
ed to be about 160 km/h. In agreement with this calcula- 
tion. 
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Fig. 2. Spectra! ratio (A2/A1) of the. observed aimoBpherto • 
wave trains. The straight Ones are alternative plausible ills to [he ' 
i elope of the spectral curve. 


Attenuation ■ / 

■ The relative amplitudes of the Al : and A2 wave trains • : 
also provide an estimate of the mean attenuation of the at- 
mospheric waves. Straight lines' drawn bn Figure 2 Indicate; 
ihe range of fils to the decay In the amplitude; spectrum. 1 ' 
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The slopes give a measure of ihe attenuation factor Q 
(equal to the number of oscillations for the decaying har- 
monic wave to fall to 100/exp tt - 4.3% of its initial value). 
The curves indicate a Q of between 2000 and 4000, with 
the lower value preferred because of ihe possible contami- 
nation by A3. This value is not inconsistent with observa- 
tions of the Mount St. Helens air waves by Knopoff (per- 
sonal communication, I960). These observations were 
based on an ultra-long-period seismograph al UCLA that 
recorded the Al wave but only marginally Ihe A2 train. 

More detailed investigation of the present records and 
source properties requires a correlation between baro- 
grems al wortdwide stations [Rllsema, I960]. The present 
records are available to investigators for this purpose. 
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News 


An Extraordinary SAR Arc Event 


For at least Ihe llrsi 12 hours of March 6, 1981 (UT), the 
nlghtalde earth was encompassed by an extraordlnaiy ex- 
ample of a Stable Auroral Red (SAR) arc (see figure); one 
of Ihe more intense of the Iasi several years. Initial analysis 
of data received from several ground stalions Indicates 
6300 -A (0('D)) emission Intensity ol 2 to 2.5 KR, which re- 
mained ralher constant throughoul a major portion of Ihe 
local evening and morning sectors, interestingly, Ihe arc 
dimmed significantly prior to morning twilight, perhaps as a 
result of reduced energy Input or the diurnal variation of 
thermospheric composition. Simultaneous measurements 


from various latitudes yielded estimates ol altitude ol ma* 
mum emission and location which are 400-500 km and 1 
= 2.8, respectively. 1 

Of particular note in this event was the extremely m. 
nounced separation from the more northerly auroral pr&vj. 
tatlon seen In the Figure, a separation In excess of 4L- 
shells. 


aliens. 

Those Interested are urged to contact the Space Sci- 
ences Section, Battelle, Pacific Northwest Laboratory pn 
Box 999, Richland, WA 99352 (telephone 509/376-ftoi) 
This news Item was contributed by Donald W. State/ ** 
Edward W. Klecknerof Battelle’s Pacific Northwest him 
tory. 


March 6, 1981 
6300 A 
CONTOUR I (T, 
150 R 



LONGITUDE, 0 

rawSJ inline r iS?D °^ 6 P < i 0 ^ ® m,88l0n during March 6, 1981 SAR arc even! (0600 UT). Arc Is depicted efl occurring 

and Mlchii™ Note' f 0 ?l erva !l2 nal covera 9 0 ar ® centered at Ihe photometer sites in the stales ol Washing** 
ana Micnigan. Note that local midnight Is located at 285°E longitude. 88 


Crustal Deformation Observatory 


Under the joint direction ol the University of California at 
Los Angeles and San Diego, the Cruslal Deformation Ob- 
servatory project at Plnyon Flat, California, has completed 

hJ’n c y r ar ‘ T* 6 °y° ral1 aim of lhis P r °] 0Ct . Sponsored by 
ihe U.S. Geological Survey, is to evaluate and Improve in- 

® ^Tj a ,0rl mea8Urin 9 long-period (days to years) 

fifing k 0 !i r i ma 0 l li n 3 teclonlcal| y active area. This re- 

c ^cled at Plrton Flat Observatory by op- 
rhTcl* o1 differing Instruments, each capable of P 

ih^S 9 i5j ? 9na L s S enera,ed b V stresses associated with 
he San Jacinto and San Andreas fault zones. At this time 
there are 11 Institutions involved, some on an informal ba- 

to S Cama^ I/ 8 " 9 '" 9 ,rom NASA’s project ARIES 

inr «mnh2 c 0 |c, n h U k 08 d00p b™ 0 * 1010 stralnmeters. Particu- 
lar emphasis has been placed on estahllshinn iho 

sS 

pleas, contact D. Jackson “K)V F°' W °a« {“° n ’ 


those who do; additional copies are $1 .00. Orders must 1)0 V* 
paid. 


Volcanic Events 


Alaid (Kurile Is.): Slrong explosive eruption; as 

more than 1000 km. , 

Pagan (Mariana Is.): Large tephra cloud; lava 
evacuated. an *rion: 

Mt. St. Helens (Washington): Steam and ash 
more data on dome extrusion. bombs, 

Plton da la Foumaise (Reunion Is.): Lava flows, 
and ash from fissure vents. L from 

Hekla (Iceland): Lava extrusion and ash eja^ 
summit crater. ••••’",•• 

Krafla (Iceland): Slow Inflation continues. • : . 
Bulusan (Phlltonlnasl: Ash election and se\snrn»r 


Sakurazlma (Japan): Fewer explosions. • _ flhrua *. 
Tarumal (Japan): Minor ash emission during . ., 


sitr oicmSfXn o& gv hyalcs al lh ° Unlver - 


Geophysical Events 


poWlwWon dlhlS^ Ap ?' 3 °’ 1881 1 8 

available In the microfiche edition nf U ? • °° a,p,0t0 bulletin Is 

i ment. or a paper a H m ^qhe suppie- 

.ber E81.-O01 at $1 ^IromAOU 'ScS dwilJrn8m Hum- 


; Waehtagta;, TO Avenue. N.W, ' 

dBte8 amivotomenunttwr) through' AGU *r7' ' : M t'crobaroQ'^Vi 


Tarumal (Japan): Minor ash emission during . 
8elsmlcpeak. ' .^1-, 

Langlla (New Britain): Dark ash c|°uds ana g 
Manam (Bismarck Sea): Ash and Incanaes , .;,3r 

ments. '-.L' neda 

Alaid Volcano, Northern Kurile Islands, uo wrf? 
155.50°E). All times are lopal (GMT + * 1 h). 
nologl8t8 reported that an explosive summit w|w 
Alaid, located on uninhabited Atlasova l 8, j}% 9n aifj$pF 
group, began after midday on Apfil 27 and^ 
next day. Much' of, the information on tha,0WP r 
both U.S. and $ovlet sources, la fromahaiy^ 

Imagery, Clouds prevented satellite observe , ; 

0715 on the 2.8th when Infraired Irnageryjf^^p^ 
polar orblter, revealed a distinct V'8h^ 0 nrt R i s t#2 
that extended ; N E : from the Volcano fd f a 
fore : dlsapp® arihgMfi . heavy weather , 
age retqm^ from)the Japanese 

olllto * D I rnlla r.niatta m M ICmV** ft. y iff 
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Sea Level, Ice, 
and Climatic Change 

Proceedings of the 
Canberra Symposium 
December 1979 

33 papers of International Significance 

• ice and Snow as Elements In the 
Weather and Climate System and as 
Indicators of Change 

The record of climate change In glaciers 

Ths climatic role and environmental effects of snow 

Sea Ice as a climatic element 

Evidence of the past climatic change from large Ice 

sheets 

g Features and Interactions of Sea 
Level, Ice, and Climate In the 
Quarternary 

The global record of the late Quaternary changes 
of sea level, Ice, and climate 
processes of Interaction between sea level, Ice 
sheet, and climate 

Sea level, ice. and climatic change: Invited 
summary reviews 

lAHSPubl. 131 Over 471 p. $50.00 U.S. 


Order from: 


Office of Treasurer, IAHS 
2000 Florida Avenue, N.W. 
Washington, D.C. 20000 

Catalog available on request 


recorded three distinct pressure waves on April 28: at 1 143 
(0.5 mbar), 1153 (0.2 mbar), and 1340 (0.8 mbar). 

Vigorous feeding of this cloud could be seen on the sat- 
ellite Imagery for the next 2 days. The imagery returned 
April 29 indicated that the plume consisted of two primary 
layers, al about 9 to 1 1 km and 13.5- to 15-km altitude. The 
last dear-weather image, on April 30 at 1700. showed a 
plume el least 120 km wide and 1900 km long. Eighteen 
tours later (1100 on May 1 and 4 days after the eruption 
began), partial clearing showed that feeding of the plume 
bad apparently ended. Weather obscured the area on Im- 
ages returned from April 30 at 2300 until May 1 at 1100 
when partial clearing showed that feeding of the plume had 
apparently ended. 

Significant aahlalls were reported over a wide area. Sovi- 
et volcanologists reported that the ash, a pyroxane olivine 
basalt, tell as much as 1 000 km from the volcano, over an 
area of 150,000 km a . They noted an accumulation of 30 cm 
olesti 7 km from Alaid, and Tass reported that 20-25 cm 
'ell on the town of Severokurilsk (45 km ESE of the volca- 
no). where residents heard roaring noises and saw a glow 
tforn the volcano during Ihe night. Schools were closed in 
Severokurilsk, and radio communication was disrupted. Ash 
jnixed with wet snow fell on Petropavlovak (300 km NE of 
£8 volcano) and other Inhabited areas on the Kamchatka 
Peninsula. In the Aleutians, ashfall began April 28 on 
biwmya (about 1200 km ENE ol Alaid) and lasted all day 
Apnl 30 and May 1 when roughly 2 mm of ash were mea- 
sufed In very windy weather. Ll. Backer observed Intermlt- 
T* Mhfalls and periods of acid rain between May 2 and 5, 

1 5V 8 within 1 Va hours after low ocean tide. Ash collected 
Shemya was sent to the NASA Ames Research Center, 
precipitation sampling from Adak Island (650 km E of 
jwmya and 1900 km from Alaid) May 1-7 yielded only a 

toe clash, on the 4th. 

. ? ss that volcanologists overflew the volcano 
29 and observed an ash column that rose to about 
, a| Mude from the summer crater. Soviet volcanolo- 
* la i 0r sported a maximum eruption cloud height of 12 
p ouring the activity, based on overflights and analysis of 
satellite Imagery. 

Soviet volcanologists reported that activity declined May 
f ddlt ' ona l activity was observed on satellite Imag- 
u™ 1 May 8 at 2300, when the Japanese weather satel- 
from amS A a new eru P tion column starting to emerge 
6r taiaim ? are,ul examination of earlier Imagery from oth- 
starSS 08 ,ndlcat0S 'hat the renewed activity may have 
i 8 Bar|y as 193 °- By May 9 at 0300, a dense plume 
'nalZ B l m S re ,han 120 km 10 the BSE. This plume re- 
cteurie snortar and mu ch narrower than the late April 
ESP n ; [Caching a maximum length of about 400 km to the 
station nl!!!i!' 0lcan0 ' 'magery from the Japanese weather 
Hoo h ?!!! nued t0 show strong feeding of the cloud at 
and h ari u „ 9 6r uptlon Beemed to be weakening by 1400 


clouds and lava flows that reached the sea from NW flank 
vents. Its last summit eoipllon was In 1894. 

Information contacts: S. Fedotov. Director, and Dr 
vanov. Institute of Volcanology, Pllp Avenue 9, Pelropav- 
loysk. Kamchatskll 683006 USSR; Frank Smigielski and 
Steven Arnett, NOAA/Natlonal Environmental Satellite Ser- 
vice. Synoptic Analysis Branch, S/OP33, Camp Springs 
Maryland 20233; Michael Matson, NOAA/Nallonai Environ- 
mental Satellite Service, Land Sciences Branch, Camp 
Springs, Maryland 20233; Gus Telegadas, Room 617, 
NOAA/AIr Resources Laboratory, Silver Spring, Maryland 
20910; Daisuke Shlmozuru, Earthquake Research Institute, 
University ol Tokyo, Bunkyo-ku, Tokyo 113, Japan; Robert 
Murioz, NASA, Ames Research Center. Moffett Field, Cali- 
fornia 94035; M. P. McCormick, NASA, Langley Research 
Center, Hampton, Virginia 23665; Philip B. Russell, Senior 
Physicist, Atmospheric Science Center, SRI International. 

333 Ravenswood Avenue. Menlo Park. California 94025; 

Lt. Becker, Wing Weather Commander, U.S. Air Force 
Base, Shemya, Alaska; Tass, Soviet News Agency; Nation- 
al Earthquake Information Service, U.S. Geological Survey, 
Stop 967. Denver Federal Center, Box 25048. Denver. Col- 
orado 80225. 

Mt SI. Helens Volcano, Cascade Range, Southern 
Washington, USA (46.20° N, 122. 18° W). All times are local 
(GMT - 8 h through April 25 and GMT - 7 h thereafter). 
Although deformation measurements showed that the mag- 
ma rose through a conduit beneath the central collapse pit 
of the preexisting dome, the April lava emerged from a vent 
somewhat N of the central pit, covered roughly the N quar- 
ter of the older material, and extended about 160 m NNW 
(rom Its previous margin. Alter the April event, the dome 
had a volume oi about 15 x 10 W, maximum and mini- 
mum lateral dimensions of 630 m (NNW-SSE) and 310 m 
(E-W), and a maximum height above the crator floor oi 
110 m. A substantial but uncertain amount ol uplift of the 
entire crater floor was associated with the April extrusion, 
and some points on the crater floor spread away from the 
dome as much as 1 .5 m, with most of the movement occur- 
ring during extrusion. One radial fissure exhibited about 55 
cm of strike-slip movement during the episode. As of May 
5, only a few mm of additional deformation had taken place 
within the crater. No net deformation of Ihe volcano as a 
whole has been associated with any of the extension epi- 
sodes. 

In the weeks following the April extrusion, characteristic 
low-level seismicity was recorded that could sometimes be 
correlated with witnessed bursts of steam emission. Simul- 
taneous seismicity and ejection of steam containing a little 
ash occurred on April 13 at 0842; April 14 at 0950. 0953. 
and 1021; April 17 at 0958; and April 24 at 1018. Seismic- 
ity accompanied ejecton of plumes of steam (without ash) 
on April 25 at 0921 and April 26 at 0821 . A small amount of 
ash that fell about 50 km SE of Ml. St. Helens on May 6 
between 1500 and 1530 may have been ejected during a 
period of seismicity at 1415. 

Inlormallon contacts: Don Swanson and Chris Newhaii, 
U.S. Geological Survey Field Office, 301 E McLaughlin. 
Vancouver, Washington 98663: Christina Boyko. Steven 
Malone, Elliot Endo. and Craig Weaver, Graduate Program 
In Geophysics, University of Washington. Seattle, Washing- 
ton 98195; Robert Tilling. U.S. Geological Survey. Stop 
906. National Center, Reston, Virginia 22092. 

Earthquakes 


Depth 

Time, Magni- of 

Date GMT Uide Latitude Longitude Focus 


Apr 180032 5.1 m b 12.21 ‘S 74.65‘W shallow 
Apr 242150 7.0 M s 13.19°S 186.38°E shallow 

Apr 281209 5.7 M S 32.99°N 115.68 C W 5 km 
(5.8M t 
Pasa- 
dena) 

Apr 27 1017 8.5 M s 57.81 *S 148.03°E 10 km 


Central Peru 
Vanuatu IslandB, 
S Pacific 
Callfornia-Mexico 
border 


W of Macquarie 
Island. Southern 
Ocean 


Hoo h?S r Iw nued t0 s ^ ow str ong feeding of the cloud at 
and ban a 9 eru P don Beemed to be weakening by 1400 
image at ^)QQ ren,ly 8nded b y the time of the next available 

i?' 0 observe and sample the Alaid ejecta farther 
(laser mrt 0 ? n nue ' Dur,n 9 the night of May 6-7, LlbAR 
dsco 3° °P 0 rated by SRI International near Sanfran- 
iLg. 1 ^ 1 !. 0 ^ 3 - detected the dlstlncl layere of material at. 
towBVAr altitude,’ ju$t beldw the tropopause. , 

Was of not Possible to oonflrmThat this material 

. J° Ic ^nlc origin,.'' • .! * . . - ’ 

^ eninSn!? , a0ar Ph for qtrong seismicity associated with 
8vem a| «uru^S 0 ? only a 8fn 9 ,e stiallbW magnitude 6:0' : 
rt N ‘ 149 - 93 ° E (860 krri SSW of the volcano), 

* bn May,i atr0i42.4:'V. , :J .- - 

1881 .eruptlpp, jn 1 972, produced largeitephra a v 



Four persons were killed and 15 injured April 18 in Peru; 
damage occurred around the city of Ayacucho. about 300 
km SE of Lima. The earthquake In the Vanuatu Islands 
(formerly lha New Hebrides) was centered at the NW and 
of the Loyalty Island group, a sparsely populated area. No 
damage or casualties were reported. The April 26 event 
shook a wide area across S California to Yuma, Arizona. 
fndcaSsed damage In lha vicinity of Westmoreland, Call- 
fomla The epicenter ol Ihe April 27 earthquake was In 
open ocean about 3S0 km WSW ol Macquarie Island. 

Inlormallon contact: National Earthquake Information 
SenrfoaU-S. Geological Survey, Slop 967, Denver Federal 
CenteqBox 25046, Denver, Colorado 80225. 

Metedrltlc Events 

MAtaorlte fall: Yemen, January 7. • . ‘ . 

• • FiSbS'SE Unlled Slates, OWahoma.Pennayivanla. 

■ ■ Brazil.’. j- 

Meteorite Faf : 

mnnarv 7. A. N. Simonenko reports that a me- 
J2?S fir450 km Irani Aden, S Vemen (direction not 
tedrlte fen ap?u probably a carbonaceous chondrfo 

i ; S HetaSl «e CoLhee on Meteorites. , , 

: : u ® s f R - rnntactB'^ E, L'. KrinOv, Commlttss ori Meteor- 

I ■ ' ,nf ? m S^£ncw^ u: Ul’lanovoy 3, Korpus 1. 

{. ilB3 > mqIr: a. N. Slmonenkb, Astronomical. 


Index to Water Data 

The U.S. Geological Survey recently published the sev- 
enth edition of the index to Ihe Information catalog on sur- 
face and ground water data. The data, collected al more 
than 100,000 sites across the country, are based on Infor- 
mation provided by federal, stale, and local agencies. The 
Index also Includes data (or parts of Canada and Mexico. 

The catalog does not contain the actual data, but i( does 
provide information on whore and by whom data are being 
collected. Ihe typos ol data acquired, and how to obtain the 
datR. 

The index is published in 21 regional volumes and is 
available freo from the USGS. For more inlormallon about 
the index, contact the Office of Water Data Coordination, 
USGS. 417 National Center, Reston, VA 22092. o 


USNC/IUGG 

The United States National Committee (or the Interna- 
tional Union of Geodesy and Geophysics has a close rela- 
tionship with the AGU. They were born together in 19 1 9 
when the AGU was founded as a vehicle for U.S. participa- 
tion In Ihe iUGG. They separated in 1972 when the AGU 
became an individual corporate entity: the U.S. National 
Committee appropriately remained a part of the National 
Academy of Sciences. 

The USNC IUGG actively represent U.S. interests in the 
Union and assures U.S. participation in Union activities It 
formulates and advances U.S. positions on a variety of ad- 
ministrative matters that require attention if the Union is to 
serve geophysics well. The dispute over how China was to 
be represented in Ihe Union end whether Taiwan could be 
separately represented is a recent example ol a question 
on which the committee took strong action. The committee 
also considers areas such as financing, voting, and distri- 
bution of publications. All member counlries have one vote 
in ihe Union, except on financial matters, for which voting 
strength Is roughly a log lunclion ol the dues one pays. On 
financial questions the U.S. has 10 votes, and the next 
highest countries have eight. At $24,000 per year the U.S. 
pays 50% more dues than the next highest countries, 
$16,000 tor Great Britain, West Germany, and France; 
Russia and Japan pay $12,000 each and have seven 
votes. 

Perhaps the most visible activity of the USNC1UGG is its 
travel granl program, which is operated by the AGU. The 
USNC, with the cooperation of the AGU and Ihe American 
Meteorological Society, seeks travel grants lor the support 
of U.S. scientists attending assemblies of Ihe Union and 
assemblies of any of the seven associations that make up 
Ihe Union. II funds are made available, a subcommittee of 


Geophysical Monograph 23: 

The Tectonic and 
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Seas and Islands 


I ^ -V J 

y 


Dennis E. Hayes, Editor 


Presents turrent and controversial 
scientific findings concerning 
East Asian Tectonics and Resources. 
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USNC/IUGG Membership 


Officers 


Torm expires 


Chairman 
Louis J. Bat lan 
Vies Chairman 
Ivan I. Mueller 
Secretary 
A.F. Spilhaus, Jr. 


Voting Members 
John D. Bossier 
William J. Campbell 
David R. Dawdy 
Robert G. Fleagfe 
Michael D. Fuller 
Jamas W. Head III 
Carl Klssllngor 
J. Virginia Lincoln 
V. Rama Murthy 
James J. O’Brien 
fioborl O. Reid 
Manlk Taiwan! 

Brian A. Tinsley 
Warren M. Washington 
Owen W. Williams 
Paler J. Wyllle 


Ex Of/fcfo Nonvoting Members 
Philip H. Abelson 


Bruce Bolt 
John C. Crowell 


Roborl W. Docker 
Aloxandor Dosslor 
Eugene C. LaFond 
Thomas F. Malone 
Arthur E. Maxwell 
Maik F. Meier 
Richard H. Rapp 
Stanley Rutionberg 
Ralph O. Simmons 


(Chairman, Geophysics 
Research Board, NRC) 

(Pros Idem, IASPEI) 
(Chairman, Olflce of 
Earth Sciences, NRC) 

(Pas l President IAVCEI) 

(Vice Presfdsnl IAGA) 
(Secretary General IAPSO) 
(Foreign Secretary NAS) 
(IUGG Finance Committee) 
(President IAHS) 

(President, Section V, IAG) 
(Secretary General IAMAP) 
(Chairman, Ollice of Physical 
Sciences, NRC) 



New Publications 


Solar and Interplanetary Dynamics 

M. Dryer and E. Tandberg-Hanssen (Eds.). D. Reldel, 
Hingham, Mass., xix f 55B pp., 1980. S55.00. 


Reviewed by Kennelh H. Schalten 


Solar and Interplanetary Dynamics, IAU Symposium 91 , 
is a volume consisting of invited reviews and contributed 
research papers. The symposium, held during August 1979 
in Cambridge, Massachusetts, was truly an international af- 
fair with more lhan half of the 133 participants traveling to 
the conference from overseas. They represented 23 coun- 
tries. The book is Intended far research scientists and ad- 
vanced graduate students. 

The book contains a preface, list of participants, the sci- 
entific papers presented at the conference (Including valu- 
able discussion), and, surprisingly, an index. The scientific 
papers are divided into eight sections: the life history of 
coronal streamers and fields, coronal and interplanetary re- 
sponses to long time scale phenomena, solar transient 
phenomena affecting the corona and interplanetary medium 
(observations and theory sections), coronal and interplane- 
tary responses to short time scale phenomena (observa- 
tions and theory sac lions), future directions, and a summa- 
ry of symposium 91 . 

t shall discuss some of the interesling papers in these 
sections; however, let me first give an overview of the book 
as a whole. Do not be mislead by the tiffs. Solar and Inter- 
planetary Dynamics deals principally with the outer layers 
of the sun. such as the corona and interplanetary medium 
in particular and dynamics and disturbances owing to flares 
etc. in those environments. Allhough many astronomers 
might not even regard these regions as belonging to “the 
sun" at all, many solar physicists similarly think of the Inte- 
rior as outside their realm. Luckily, the sun disregards both 
opinions. Thus Ihe book contains little solar interior dynam- 
ics and would not be very useful to those Interested in 
physics below the photosphere. Nevertheless, to those sci- 
entists interested, rather, in ihe solar atmosphere (and its 
influences upon me earth), this book provides much of the 
latest research and several good reviews. One unfortunate 
aspect is the relaiivo dearth of U.S. papers. Perhaps when 
American scientists heard lhal the meeting was in Cam- 
bridge. many did not feel able to attend, thinking ihat over- 
seas travel was required. 

Section 1 leads off with a review by Levine on coronal 
and interplanetary fields lhal clarifies our present under- 
standing as. well as provides an historic perspective. Inter- 
esting papers by La Borne and Howard on their search for 
giant cells and many iniemaiional findings on coronal holes 
are found therein. Section 2 conialns a review by Sykora 
dealing principally wiih interpretations based upon the cor- 
onal FeXIV green line and by D'lfstori and 8osqued on so- 
lar wind flow. Other articles show interesting work being 
done by the Israelis and Ihe Russians. 

Sections 3 and 4 deal with transient soipr phenomena ; 
with reviews by Eng void on flares end eruptive promi- 
nences, wherein ihe energy and mass injected are estimat- 
ed, and by Anzer on theoretical MHO aSpbcts. A paper by 
Sveslka et at. explains the particle emanation and other 
features from two-ribbon flares. Pneumann deals with theo- 
retical aspects o I this. V . ’ 


the USNC will propose their allocation. These block travel 
grants permit the distribution of funds to a broader spec- 
trum of individual scientists lhan would the normal proce- 
dures of federal agencies that make Individual travel grants. 
In addition, the administrative load Is substantially less, 
thus making available more money tor travel. AGU as- 
sesses no overhead against travel grants and less lhan 
$30 for processing each grant made, even Ihough each 
award may involve corresponding with an average oi three 
to live applicants, committee review, report preparation, 
and follow-up. 

The membership of the USNC/IUGG, shown In the ac- 
companying box, sllll bears a close relationship to AGU. 
The president and Ihe foreign secretary of AGU, as long as 
ihey are U.S. residents, sit as ex officio voting members of 
the committee. The AGU president also makes nominations 
to the president oi the National Academy or Sciences from 
which are selected at least 10 of the 16 members appoint- 
ed by Ihe Academy. 

Officers of the Union and of Its associations who are resi- 
dent in Ihe United Slates are ex officio nonvoting members 
of the USNC. Their participation in the meetings of the 
Committee ensures that they are aware of the U.S. position 
on issues Ihat may arise In [heir work as executives of the 
Union. The secretary for Ihe USNC/IUGG Is elected by the 
committee. Fred Spilhaus Is currently serving his third 4- 
year term in that capacity, and the AGU contributes his 
time and alt support services required for the national com- 
mittee secretariat. 

Currently Ihe U.S. National Committee Is focusing on the 
continuing need to justify the expenses associated with its 
participation In IUGG. The committee would welcome ex- 
amples of Ihe quantitative benefits of U.S. participation that 
would help make Ihe case for continued substantial federal 
support. If you have had such valuable experiences please 
send details of them fa Fred Spilhaus, Secretary, U.S. Na- 
tional Commlllee/IUGG, 2000 Florida Avenue, N.W., Wash- 
ington, D.C. 20009. 

The national committee exists to serve the Interests of 
U.S. scientists. Individuals should feel free to contact any of 
Ihe members of the committee to make their Interests 
known; In turn individuals must be willing to provide their 
support to Ihe committee when required. IS 


Other papers deal wiih spicules, filaments, flares, and 
transients. An exciling paper by Low shows that a usual as- 
sumpllon on force-free fields being in an equilibrium slate Is 
not necessarily true. 

Sections 5 and 6 deal with transients within the corona 
and Interplanetary medium. International work In this area 
has been particularly prolific. Further, In the Interplanetary 
medium with several spacecraft at differing locations, it 
sometimes Is possible to ascertain transients’ three-dimen- 
sional structures. In section 7, on future directions, Williams 
outlined the OPEN program to sludy the earth's nearby 
space plasmas. Bohlin and Chipman outline NASA-pro- 
posed programs tor studying the sun and heliosphere until 
1995. These include SMM, solar polar, solar optical tele- 
scope, the Solar Cycle and Dynamics program, an ad- 
vanced solar observatory, and the solar probe. Porsche et 
al. present an interesting German proposal to sound the 
solar corona. 

Kuperus presents a review by raising questions pertinent 
to the meeting ihat he feels have been answered. One is 
the question of whether Interplanetary sector boundaries 
extend Into the photosphere. He states that It appears diffi- 
cult to trace them back to the photosphere. On the question 
of magnetic structure, the potential field appears reason- 
abfa ye! the more general force-free field may not be an 
equilibrium solution. He points out the extensive work on 
coronal transients and summarizes the remainder of ihe 
meeting. 

Dryer and Tandberg-Hanssen have done much to make 

i 1 0 r0searchers d Y Providing a discussion 
section after each paper and an Index to the entire volume 


Kennelh H Schatten Is with the Planetary Aeronomy 
Branch. NASA Goddard Space Flight Center, Greenbelt 
Maryland. 


Geodesy, 4th Ed. 

G. Bomlord, Clarendon, Oxfard, xli + 855 , 1980 , £49.00, 


Reviewed by Richard H. Rapp 


In 1952, fhe first edition of this book was published I atnr 

tagh “s V 0 lh V e tot" 81 b0t * 9Gn 
To haw a book encompassing all of mddoLv is oi 

course dilliculi. However, Bomlord 

tsiag 

raised muohof 

**&!W 




Geophysicists 


William D. Bonner, deputy director of the National 
Weather Service, has been selected to succeed Frederk* 
Q. Shuman as director of the National Meteoroloqlcairv 
ter. The appointment Is expected to be effective in August 




<4 


Peter E Wllknlss was recently appointed director ol the 
National Science Foundation's Division ol Ocean Drilling 
Programs. He has baen the division's acting director since 
Its establishment in October 1980. 


The following AGU members are recently deceased. 
Miner FI. Steckpole. 91. Life member, joined In 1935. 
Emanuel Zles, 97, In April. Life Fellow, joined in 1929. 


AGU Announces; 
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cases, however, the text Is unchanged from the P rflV j wa 
edition. In other cases, the text has been deleted and » ' 
ence has been made to a prior edition containing the m 
matlon. In addition, most all of the units of measure nave 
been changed to that of the System International. 

The first chapter, 'Trlangulatlon, Traverse, and Tniats 
tion {Field Work),’ Is of Interest because of the discuss^ 
of the various techniques for establishing geodetic con 
and the instruments to be used lor the measurements- . 

‘Computation of Triangulalion, Traverse and Tri al ^ a . h 
Is the second chapter, and here the basic concepts o 
ellipsoid and the adjustment of data on the sWPfJf ^ 
cussed. Various formulas for the computation of <ne 
and Inverse problem are given. However, I have neve 
derstood why the excellent paper of Ralnaford In ib 
nol referenced. A section discusses problems In uie 
Ing of the ellipsoid, but the discussion Is restricted i 
sold parameter changes and datum translation enad* r 


p“imnoiDi wiiauyoa aim uoiui ■ i 

consideration Is given to axis rotations and seals “ (nr 

lu. 4 . ..lit, ana fl VSI 1 TOT SV* . 


ences between datums, although results are given ; 
effects In a later chapter. ■ Jhfl n&- 

Chapter 3, 'Heights Above Sea Level,'- discusses - 

finruollrtnal nrr.nn.J, i.m enlrlt laUfillnO SflO i 


servatlonal procedures that use spirit leveling 0 no . 
ancles. Refraction In hnth areas are discus*"- 


angles. Refraction effects In both areas are discus^ 
new discussion exists for the separation of, the g»J ^ 
the ocean surface. The Information on orthomewij^f 
seems to be quite restricted, considering the 
systems that exist and have been considered 
‘Geodetic Astronomy,’ chapter 4, Includes tne_a 
on observation of astronomic quantities 4P-' W , 
duotlon of the measurements. The updating 
dlnates Is now also discussed by using matrix 
The next chapter, 'Gravity Observations,*' dlSW^^T^j 
gravimeter, the pendulum, and the rtew 
for gravity measurements. The pendulum dlsouss ^ 
probably not necessary because of the problems 


. Chapter Q^Phy&fcal GebdeSy'Ideals # 9 ° £ ** 
. cal arfd tihe:^^li^ijf^kv techniqu©R. T8)i» WJJ mu 
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, computations. However, no discussion is made ol gen- 
JLi truncation theory or techniques for computing the grav- 
ity vector In space. The application of least squares collo- 
dion techniques to problems ol gravity Is not discussed. 
Shouqh the concept of collocation Is introduced in an ap- 
Mndlx The earth tide section is brief and is not substan- 
Railv changed from the previous edition. 

ITie final chapter, 'Artificial Satellites,' is perhaps the 
most extensively revised chapter from the previous edition. 
Observation techniques, data corrections, data processing, 
and the results are discussed. A lengthy discussion Is de- 
voted to satellite photographic techniques that for most ap- 
nilcallons today are of minor importance. New Information 
has been added concerning lunar lasers, VLBI, and satel- 
lite altimetry. 

The book also has 10 appendices on topics not covered 
in detail in the chapters. These topics include a discussion 
ol Ihe geometry of the spheroid, matrix algebra, Cartesian 
coordinates in three dimensions, theory of errors, vector al- 
gebra, complex numbers and conformal mapping, modulat- 
ed waves and tellurometer ground swing, spherical har- 
monics, rotating axes. Coriolis force, and gravity reduction 
tables. These appendices are the same as in the previous 
edition. However, the section on theory of errors has been 
enlarged by the addition of sections on interpolation by 
least squares and collocation. 

This book encompasses many different aspects of geod- 
esy. It Is by far the most comprehensive book of which I am 
aware (hat attempts to cover the whole subject matter. In 
some cases, If one needs great detail, you might consult an 
up-to-date book In the specific subject area. When such a 


book does not exist, Bomford's Geodesy provides an excel- 
lent alternative. 

I have felt comfortable In consulting 8omiord's Geodesy 
to find initial information and references on topics of specif- 
ic Interest. The book is a combination of a handbook (most- 
ly) and a text book (partly). In some cases the reader Is jusl 
given various equations (and their references) without 
proof. On the other hand, some detailed derivations are 
given. The new edition is simply an evolutionary change 
from the prior edition. Unfortunately, Ihe price charge is 
revolutionary, which may pul the book outside the use ol 
many readers, especially students. 

Richard H. Rapp is with the Department of Geodetic Sci- 
ence, The Ohio State University, Columbus, Ohio. 

New Listings 

items listed In New Publications can be ordered directly from the 
publisher; they are not available through AGU. 

Advances in Hydroscience, vol. 12, V. T. Chow (Ed.). Aca- 
demic. New York, x + 440 pp., 1981, $51.00. 

Beyond the Atmosphere: Early Years of Space Science, 

H. E. Newell, NASA, Washington, D.C., xvill + 497 pp., 
1980. 

Mechanism of Graben Formation. J. H. lilies (Ed.), Elsevier, 
New York, vlil + 266 pp.. 1981. $65.75. 

Problems of the Arctic and the Antarctic, vol. 48, A. F. 
Treshnikov (Ed.). Oxlnlan Press, Farldabad. India, vlll -t- 
173 pp., 1981 (Available from NTIS, Springfield, Virginia.) 


1 ast Words- \ 

Famous^ 8 * 1 



Which one ??? 

• Was It the 'special* JGR Issue on Saturn ? 

• Or ihe Radio Science papers on Optical Communications? 
'• The papers on SAM Imaging of Ocean Wanes? 

• The Evolution of the Atmospheric Ozone? 

• Ocean Intraplate Earthquakes? 

Which luuvt r.l the Amurt.'an ticr-phv'ltdl Un.on Jl» h.-i'.v 101 * 

mined Lecauie vud HifclCli|4E«-in eipUel n vm I »gh*nbo # 

We'd like la change lhase famous 

Ian words so ihat you won't miss a ihlng. 

To subscribe or report a subscription problem 

Call toll free 800-424-2488. 


I Classified 


EOS oHara classified space (or Positions 
Available, Positions Wanted, and Services, 
Supplies. Courses, and Announcements. There 
are no discounts or commissions on classified 
adi Any type that is not publisher's choice is 
charged lor at display rates. EOS is published 
wwWy on Tuesday. Ads must be received in 
wiling on Monday l week prior to the date of the 
issue required. 

Replies to ads with box numbers should be 

addressed ta Box American Geophysical 

Union, 2000 Worlds Avenue, N.W., Washington. 
DC 20009. 

POSITIONS WANTED 
Rates per line 

1-5 time9-$1 .00, 6-1 1 t1mes-$0.75, 

12-26 tlmes-$0.55 

POSITIONS AVAILABLE 
Rales per line 

V5 times -$2.00, 6-11 times-SI.60. 

12-26 tlmes-$1.40 

SERVICES, SUPPLIES. COURSES, 

AND ANNOUNCEMENTS 
Rates per line 

1-5 llmea-$2.50, 6-11 tlmes-$1.95, 

12-28 times-$ 1 .75 

STUDENT OPPORTUNITIES 
™ special rates, query Robin Little, 
800-424-2488. 


POSITIONS AVAILABLE 

jMWootorai Research Associate. The 

“SpWmenl of Civil Engineering, University ol 
Washington has an immediate opening lor a lem- 
Wrary, one-year post doctoral position In water re- 
raZf 3 Bnd h y droto 0y- Successful applicant will 
w^palB In ongoing projects In rainfall-runoff 

hydrologic forecasting, and stochastic hy- 
ncurrBnt lnd 0 pandent research on refat- 
«prtoiema In hydrologic and water resources sye- 
”*anatysis will be encouraged. Please direct 
arscdpl’ references, and vitae toi Stephan J. 
or Dennis P. Lettenmaler, Department of 
EX- 10. University of Washington, 

7 ns t r a8hinflton 98195. (Telephone; 206/543- 
7, 3S or 543-2532). 

•j University of Washington 1 b an affirmative 
““^equai opportunity employer. 


Faculty Position 

OCEANOGRAPHY 

Applications are Invited for a lenure- 
arrting faculty appointment In physl- 
ma^ Cean ° 9raphy: ,evel °* appolnt- 
mSm* 8alary commensurate with 
raiS rf! 00, A PP |,can l should have a 
o f scholarly publications dem- 
trallng the ability to Interpret 
^anographic observations. Duties 
',“ e ^aching graduate level 
and !? 8 n Physical oceanography 
st i. H fi p0r Y isln 9 research of graduate 
*rSend curriculum vitae, publl- ; 
ertroo S 1 0nd namea of three refer- 
Friedrl ^ Schott; Chalr- 

sas*. of Met ?° rolQ Qy and 

Oceanography, Rosenstiel , 
i^'^Marln 0 and Atmospheric; . * 
Rlck«^ Universit y of Miami, 4600 V 
^^ker Gauseway, Miami, ; . . ; 

•^SuaTl!? ** Wnml '• * n ••""•live, • 

opportunity employer. . ; 


Structural Qeology/Unlvaralty ol Illinois at 
Champalgn-Urbana. Tha Geology Department 
19 seeking a structural geologist for a tenure-track 
(assistant professor) faculty position. A Ph.D. Is re- 
quired. Salary, open. ThB successful candidate will 
be expected to teach advanced undergraduate and 
graduate courses in structural geology and estab- 
lish a research program. For equal consideration, 
applications, including ihe names ol three refer- 
ences, should be sent by August 1, 1981 to Dr. D. 

E. Anderson, Department of Geology, University ol 
ininolB. 245 Natural History Building. 1301 West 
Green Street. Urbana. IL. 61801. (217) 333-6713. 
Position to be filled by 1-1-82. 

Tha University of Illinois Is an affirmative action/ 
equal opportunity employer. 

Oeophyalolst/Teetonophyelolet. The De- 
partment of Geology and Geophysics al the Univer- 
sity of Wyoming has a tenure track opening al the 
Associate Professor level for a gBophystelaHecton- 
ophyslolsL An inferos! fn velocity measurements 
and other physical properties of rocks is essential 
Additional Interest in cruBial structure and plate 
leclonlcB Ib dBSirable. Applicant should be able to 
relate studies ol physical properties to field relation- 
ships. Ph.D. required. 

Applications will be accepted through July 15. 

19B1. Applicants Bhould send a vita. Including 
names of three references, to: 

Professor R. S. Houston 
Department of Geotogy/Geophyelcs 
University of Wyoming 
Laramie, Wyoming 82071 
The University of Wyoming Is an equal opportunl- 
ty/afllrmallve action employer. 

Faculty PoaltfoniAInlveralty of How Or- 
leans. The PhyBica Department of lha University 
of New Orleans InviteB applications tor tenure track 
positions available August 1981. Rank and salary 
are to ba commensurate with experience and train- 
ing. The department has a policy ot encouraging 
research activities In applied areas which are of 
mutual interest to Bib faculty and tha beat technical 
community. Candidates with background In compu- 
tational physics, acoustics, and geophysics are es- 
pecially encouraged to apply. Currant research ac- 
ttvltfes within the department include experimental 
atomic and molecular physics, aofid state physics, 
cryogenic geophysics, hydrodynamics, and compu- 

la %™!canto should send a mums to 

Edward L Beason. Physics DepartntenL University 

of New Weens, New Orleans, LA 70122. 

The University Is an equal opportunity, affirmative 
action employer. 

Reieereh Selwnologlat/Solld Berth Geophy- 
sics. ENSCO,lrto.inSpringfi^.^rg^Mek- 

Ing a Program MBnager/ReMarch SalsnKWfltetio 
supports!, expand^ program In arid earth 9^ 
nhvalca Research areas will Indude, seismic net 

SStpISSlm 

Identification and location ol ndmti 

seismic sources; earthquake charactarizaton and 

aoterizatlon; and empirical studiw u^S 
wd far VM seismic 48Ia■^P•^^'^ r £ , 
and observational setemotogy 
setamlo dlstancaa, Is h!ghly 

,n ‘WS'teSK sSSSSL iSSK 

SAS, ENSCO, Ino. 640B-A PpA Royal R?ed. 

■ 

otheft conaWer^d- fihgarj •. 

letters ol recofngjenwjw ^ to. •. y gi^ckabuig, 

• SelsmologteBl Obsenretory. • pyogtiona 

Virginia 24081 . .Deadline for now* ^ 

’ '«• AUfl«5‘ . 1 :A 9 . B L ... n^unltvMInriative aciion 


Pesldootoral Position In Qeoohamlalry/ 
Cosmoohemlstry, University ol Arizo- 
na. Applications are Invited far a posldocloral re- 
search associates!# in the Lunar oml Planetary 
Laboratory at ihB University ol Anzonn The asso- 
ciate will collaborate with Dr William V Ooyoten in 
ongoing Investigations of Iho roll nc lory inclnKions. in 
carbonaceous chondntos The seloctod applicant 
will have major responsibilities to coni fuel minorot- 
ogical Investigations to supplement o'isting nuulron 
activation analysis studios E«ponunco with an 
electron mlcraprobe is essential, oxpunonco with 
neutron acth/aiion is desirable Facilities mclu-te a 
fully aulomaled SEM micro probo. numerous gain- 
ma-ray detectors including a Compton -suppression 
spectrometer, several computers and a TRIGA re- 
actor 

Applications, accompanied by a resume, state- 
ment ol research interests, and complete bibliogra- 
phy. should be sent io Dr William V Boynton. 

Lunar and Planelary Laboratory. University of Ari- 
zona, Tucson. Arizona 85721 Let tors Of recom- 
mendation. diluctc-l .tc Vl-jutiJ to loquoslud 
from al least three persons who are wen acquaint- 
ed wiih the applicants accomplishments and poten- 
tial. To receive full consideration, application mate- 
rials should ba received by August 31. 1981. 

The University ol Arizona is an equal opportunity 
affirmative action employer. 

Faculty Position Geophysics. The Depart- 
ment of Geological Sciences at (hB University of 
Texas al El Paso has an opening in geophysics 
which can ba filled at either the assistant or asso- 
ciate professor level The emphasis will be on ob- 
taining a quality individual regardless of specialty 
However, candidates who would complement exist- 
ing programs in geothermics. crustal 5lud.es. sete- 
molectonlcs. and regional geophysics tectonics will 
bB given preference. The successful candidate 
must hold a doctoral degree and will be expected 
to maintain a high level of research activity and to 
be active in the geophysics graduate program 
which involves 15-20 students (roughly '-i doctoral 
candidates). The geophysics program is well 
equipped and enjoys good support Irom the univer- 
sity administration. Tha deadline lor applications ib 
July 16. 1981 with Ihe position to be filled prior to 
September 1. -1982. Applications and three letters 
of reference should be sent to: 

Dr. Robert F. Roy 

Department ol Geological Sciences 

University of Texas at El Paso 

El Pan, Texas 79968. 

The University of Texas at El Paso is en equal 
opportunity '801 rmativa aciion employer. 


f/ ar RECRUIT ’TOW 
II™ ANNOUNCE ^\\j 
ADVERTISE 

Recruit latantod personnel >n the geo- 
physical scloncos 

Announce special meet mgs. workshops, 
short courses, and calls for papots. j 

Advertise services, supplies, and instru- 
ments 

A classified ad in EOS. the weekly news- 
paper for the geophysicist, will get re- 
sults. 

Low advertising rates, easy-to-meel cony . 
deadlines, and a broad readership make 
EOS the medium lor the message 

, Place your ad today. . 
/ Call toll free: 

jL, 800-424-2488 


Temporary Staff Poslllona In Isotope and 
Traoa Element Geochemistry. The re- 
search program ol the raw Geochemistry Division 
at the Max-Planck-Insiitute far Chemistry m Mainz 
is oriented toward the geochemical structure and 
development ol the earth's mantle Our facilities in- 
clude e new Varian MAT 261 automated solid 
source mass spectrometer (In addition to older in- 
struments) for isotopic analysis ot Nd. Sr. and Pb. 

Available at the institute are also: electron micro- 
probe. ion rtneroprobe. INAA, XRF, spark source 
MS. and piston-cylinder apparatus. Applications are 
invited lor geochemists with experience in isotope 
geology and palrotogislB with experimental experi- 
ence in trace element partitioning Appointments 
are normally mads for two years, but a one year 
extension is possible. 

Applications should be sent to A. W. Hofmann. 
Direklor AbUnlung Geochemie. Max-Planck-lnstitute 
tear Chain ie, Postlach 3060. 6500 Mainz. F.R Ger- 
many. 


PLANETARY SCIENCE 
POSTDOCTORAL POSITIONS 

University of Hawaii 
Institute for Astronomy 

The Institute for Astronomy anticipates one or more positions |o be available in tha fall 
semester 1981 at Ihe postdoctoral level The positions are full- time, federally funded 
and annually renewable far a maximum oi tinea years, subject to avaUabibly o( funds. 
The selected candidates will cany out theoretical and observational research on a 
NASA grant for ground-based planelary astronomy. Emphasis la placed on the outer 
planets and their sateWtes. comets, and asteroids. 

Minimum qualiAcaifons are a Ph.D. In astronomy or related field with experience In 
theory and data hiterpretatlan In planetary science, with a proven record as a research- 
er as demonstrated by publications and recommendations of peers. Salary will be com- 
mensurate with qualifications. 

Submit a curriculum vilqe with a Hst of publications and arrange (or two tellers of rec- 
ommendation to be sent (oi Dr. John T- Jefferies, Director. Institute for Astronomy, . 
2680 Wbodlqwn Drive, Honolulu, h|J 96822. Telephone (808) 948-8566. . 

Applications should bfe postmarked rioi later than Augbsf 15,1981. 

. Tha Dnfeersify of Hduri is an equal opportuntiy'ofpnnailue action employer. 


;• 'M. 

I . l -I , c 
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Research Coordinator 
PHYSICAL 
OCEANOGRAPHY 

Shldau-Av Irmllute 
{inmuli. (JA. 

Skidaway Institute of Oceanography is 
socking person with an oceanographic, 
metoorarogicaJ or engineering back- 
ground to join q research loam investigat- 
ing physical oceanographic processes on 
the continental shell. This person must 
operate and maintain a remote oceano- 
graphic data acquisition system and must 
have experience with digital equipment 
and Iho processing of data originating 
from such equipment. He or she will be 
responsible for chocking and calibrating 
sensors on e scheduled basis, for dale 
editing and for data analysis. 

Applicants should have on M S. degreo in 
a rotated field or have the equivalent in 
training and experience. Knowledge of 
time series analysis procedures and tech- 
niques, computer programming, and tech- 
nical report writing are nocessary skills. 
Independent research and publication ot 
results wifi be encouraged. 

Stalling SBlary: S16.600-S20.000 depend- 
ing upon previous experience and qualifi- 
cations. Send r6sunte Including three ref- 
erences to: Dr. Jack Olanton, Skid away 
Institute ot Oceanography. P.O Box 
13667, Savannnh, GA 31406. Phone 
(912) 356-2457/2453. 

SKIO It an afflimallvo action aqual 
opportunity am ploy #r. 


Crustal Seismology) Prlnoeton Univer- 
sity. Candid, net with an inlerosl in any of the fol- 
lowing flro mvitcd to ripply for research staff ap- 
pointments 

1. Marine EOismlc dam analysis and struc- 
ture of oceans und ocoan margins. 

2 Narrow and wide angle reflection solsmot- 
ogy applied to continental cru9ia> geology. 

3 Wavo propagation theory and tochnlquas 
ot soismic data analysis 

Princeton University has an ongoing program for 
iho creative reanalyois ol existing multichannel re- 
lledion data— Buch as COCORP and USQ9 on- 
shore data. Special projeem are undertaken from 
lime to lime to collect field data in critical areas or 
to test new malhods ol data collodion and analysis. 
A high performance 32 bit minicomputer system for 
data analysis and theoretical work is to be Installed 
later this year. 

Applicants should sand curriculum vilae and a list 
of three references to: 

Robert A. Phinnsy 

Department of Geological and Geophysical 

Soencos 

Princeton University 

Princeton. NJ 00544 
Or Inquire: 609-452-4110. 

□ate ol appointment and salary are negotiable. 

Princoton University Is an equal opportunity em- 
ployer 


and a background In nonlinear plasma physics and 
computer modelling. The appointee will primarily be 
involved with the development of both 1-D and 2-D 
numerical models ol double layers and electrostatic 
shocks Please sand a resume and the names ot 
three references to R. W. Schunk. Physics Depart- 
ment. Utah Stale University. Logan, Utah, 84322. 
(Tel: (801) 760-2074). Application deadline is June 
30. 1081. Position available August-Saptember. 
1901. Salary range commensurate with experience. 

Utah State University Is an affirmative action/ 
equal opportunity employer. 


California, Santa Barbara. CA 93106. Teiephono 
1805)961-3158. 

The University of California Is an aitirmative ac- 
tion/equal opportunity employer. 


Physical Oceanographer/ 
Geophysical Fluid Dynamiciet 


Director of Laboralorfas. The position m- 
votvuo run nugo roonl ol Iho building rh.ti houses Iho 
Department ot Faith and Space Serened? and its 
speoal taciM/es tor research and education m as- 
tronomy and iho earth sciences, administration ol 
departmental budgets, and supervision ol technical 
personnel. The Director ol Laboratories reports di- 
rectly to the D opart men tat Chairman Candidates 
wnth adniinistraiiva oxpenonce and ,i Ph D. m the 
phys.Lai sciences btrengiy preferred Hre position 
Aiit bo nvAitabio October i Tho salary range is 
S22.600toS27.000 

Pte.iso submit resume a ml iirrnngo tor iliruo lot- 
ims of reference in bo sent to Dr. Mxh.ii Simon. 
Cftaiinan. Department of Earth and Space Sci- 
ence 3. SUNY Stony Orook. Stony Drool,. NY 

11791 

SUNY Stony Drool, n an aqua! opportunity ntta- 
mativo action empifiyer AK*79. 


Phanomanolog fatal Los Alamos National 
Laboratory. Stress wave nnri porous How phe- 
nomonologisls to develop end use solid mechanics 
or porous and Huld flow computer codes used in 
containment evaluation far underground nuclear 
teals and in olher geosclenco research activities 
Participate in planning and interpreting laboratory 
mvl hold oxporlmont? (0 verify computational mod- 
els Com mi m icato results to professional communi- 
ty As Appropriate, publish resulls in open litoralure. 
Occasionally, trover to remote sites Participate in 
containment analysis of underground nuclear tests 
and function as containment phonomonofogist for 
tests conducted by Iho laboratory 

Requires M5 or PhD in geophysics, physics, ap- 
plied malhomotics. or related Held, or equivalent 
relevant experience and education; professional 
experience in modeling using Imiia element or finite 
diReranco techniques; FORTRAN programming 
expeiionce: good oral and written communication 

Skills 

Send compfole resume, in confidence to: James 
Trout. OIV 81-01. Los Alamos Nabonol Laboratory. 
P.0 Box 1663. Los Alamos. Now Mexico 87545. 

An affirmative action equal opportunity employer. 


Research Position In Chemical Oceanogra- 
phy. California Institute ol Technology. Division of 
Geological and Planetary Sciences. The position of 
research fellow is being offered at Caltech for re- 
search In oceanography. Investigation of the isotop- 
ic composition of neodymium and rare earth abun- 
dances in sea wafer and sediments Is now being 
carried forward- The mechanism of Injection of REE 
Into sea water will be studied. The differences in 
M 'Nd' lu Nd in various water massas [Plepgras e< 
a/.. Earth and Planet. Set. Lett. 45, 223-236 and 
Piepgras and Waaserburg. Earth and Planet. Sci. 
Lett 50, 128-138 (1980)] is now being carried for- 
ward as an exploratory venture in order to deter- 
mine the origin end chemical behavior of REE in 
the ocean and the potential usa of M ’Nd/ m Nd as a 
tracer. The laboratory facilities for sample prepara- 
tion end analysis are fully functional arid will ba 
available. Applicants should have training in ocean- 
ography and a good perspective on general physi- 
cal oceanographic models. 

Send resume and references lo Professor G. J. 
Wasserburg, Lunatic Asylum, California Institute of 
Technology. Pasadena. CA 91125. 

Caltech Is an equal oppartunlty/afflrmatlve action 
employer (M'F/H). 


Aret6 Associates, a growing research 
firm, located In Southern California, en- 
gaged In theoretical and empirical physi- 
cal oceanography, Is offering permanent, 
full-time positions. Candidates require 
Ph.D. (or equivalent experience) In physi- 
cal oceanography or geophysical fluid 
dynamics. Salaries are competitive and 
negotiable, based on qualifications. Arete 
offers a fringe benefit package of superior 
quality. Qualified candidates should send 
resume, salary history, and list of profes- 
sional references to; 


Personnel Administrator 
Arete Associates 
P.O. Box 350 
Enclno, CA 91316 


An equal opportunity employer M /F. 


COURSES 


Plasma Theorlat. Depending on the availability 
of funds, the Center for Atmospheric and Space 
Sciences. Utah State University, could have a one 
year, postdoctoral position In theoretical plasma 
physics. Candidates should have a Ph D. degree 


Sedlmentolofllst or Sadlmantary Patroto- 
glat/Unlvaralty of Callfornlai Santa Barba- 
ra. Applications are Invited for a tenure track ap- 
pointment In soft rock geology to be (tiled in 1981- 
82. Rank dependent on qualifications and experi- 
ence but preterence will be given lo the assistant 
professor level. Applicant should normally have a 
Ph D. and strong flald-orlenlatlon and quantitative 
background. The candidate will be expected to de- 
velop a strong research program In daetlc sedi- 
mentation as related to basin analyses. Tha candi- 
date will also ba expected to teach at both under- 
graduate and graduate levels and Interact with 
students and faculty of Ihe department, particularly 
In ihe general areas of clastic disgeneals, volcanic 
processes, paleomsgnetics. as wall as Held geolo- 
gy. Additional duties may Include teaching physical 
geology and summer field geology. 

Please send resume, other documentation ol 
abilities, and four letters of recommendation by Au- 
gust 31, 1981 to Dr. Arthur G. Sylvester. Chairman. 
Department of Geological Sciences, University of 


Applied Rock Mechanics. A short 
course on the applications ol modern 
rock mechanics methods to civil and 
mining projects will be held July 12-18 
at the University of California at Davis. 
Francois E. Heuze, leader of the rock 
mechanics project at the Lawrence 
Livermore Laboratory, will teach the 
course. Designed for engineers, 
geologists, and scientists, the course 
will focus on discussion and 
demonstration of practical tools used 
to observe, analyze, and design rock 
structures, including mines, caverns, 
tunnels, pits, slopes, and foundations. 
Fee Is $475. For an application form, 
write the University Extension, Univer- 
sity of California, Davis, CA 95616, or 
call Heuze (415/423-0363). Deadline ioi 
registration is July 3, 1981. Registra- 
tion will be limited to 35 participants. 


Meetings 


New Listings 


AGU Midwest Meeting 


The last complete Geophysical Year listing ran In the May 26 

EOS. 

Boldface type Indicates AGU cosponsored events. 

1981 


September 1 7-1 8 
Minneapolis, Minnesota 


Pacific Northwest Regional 
Meeting 


Oct. 7-9 John Muir Geophysical Society’s Fourth Nonan- 
nual Meeting, Lake Arrowhead. Calif. (M. McNutt, USGS. 
Menlo Park. CA 94025.) 

Ocl. 19-22 Earth Impact Conference, Snowbird. Utah. 
Sponsors, Lunar and PianBtery Institute, National Acade- 
my of Sciences. (Earth Impact Conference. Lunar and 
Planetary Institute, 3303 NASA Road 1, Houston, TX 
77053.) 


Abstract Deadine: July 1 
Convenor: V. Rama Murthy 


September 17-18, 1981 


Papers and posters originating In or pertaining to 
the region are solicited for Ihe following special ses- 
sions: 


Central Washington University 
Ellensburg, Washington 


1982 


Mar. 24-27 Conference on Earthquake Hazards In the 
Eastern San Francisco Bay Area, Hayward, Calif. Spon- 
sors, USGS, East Bay Council on Surveying and Map- 
ping. Calif. Div. of Mines and Geol., Woodward -Clyde 
Consultants. Calif. SI. Univ. at Hayward. (Sue Hirschfietd. 
Dept, of Geological Sciences, California Slate University, 
Hayward. CA 94542.) 

April 27-29 Chapman Conference on Rainfall 
Re tee, Urbana, III. (Meetings, AGU, 2000 Florida Ave- 
nue, N.W., Washington. DC 20009.) 

Aug. 2-6 Second International SympaslunvWoikshop on 
Solar-Terrestrial Influences on Weather and Climate, 
Boulder, Colo Sponsor. Lockheed Palo Alto Research 
Laboratory. (Billy M. McCormac, Lockheed Palo Alto Re- 
search Laboratory. Dept. 52-13 B202, 3251 Hanover 
Street, Palo Alto. CA 94304.) 


Mantle structure and dynamics. Contact Geoffrey 
Davies or Clem Chase. * 

flock water Interactions: Hydrothermal processes 
and melallogenesis. Contact William Seyfrled. 

Precambrian crustal evolution of the North Ameri- 
can continent. Contact Paul Welblen. 

Geomagnetism and pateomagnetlsm. Contact Su- 
blr Banerjee. 

Hydrology In the mld-contlnental U.S. Contact 
H. 0. Plannkuch or E. C. Alexander, Jr. 


Abstract Deadline: 


July 15 


Abstracts 


^rmat (see page 20 of January 
13 Eos ) and send original and two copies of ab- 

n w A £ U u ldw0Sl M00,ln 9. 2000 Florida Ave- 

rn.hi mXSS'SF' D,C - 20009 - Abs,racts win be 

S pmi? S 1 a 8ub3tan «ve meeting report 
after Ihe meeting. There will be no abstract charge. 


Special symposia will be held on 'The Tectonics 
of the Columbia Plateau and Other Neogene-Qua- 
ternary Faults of the Pacific Northwest;' 'Stratigra- 
phy and Structure of the Cascade Range;' and 
'Studies of the Eruption of Mount St. Helens. 

To submit an abstract, use standard AGU form 
(see page 20 of January 13 Eos). 

Send the original plus two copies to Bob Ben - 
ley, Secretary-Treasurer, PNAGU, Central Washing- 
ton University, P.O. Box 1000, Department ot oeui 
ogy, Ellensburg, Washington 98926. 

If you are not an AGU member, or if you 
AGU member who lives outside the Pacific No 
west region, and you wish to attend, wrlteto 
Bentley to have your name put on the mailing 
The call was published in Eos , February .24, 
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Separates 

To Order: The order number can be 
found al ihe end of each abstract; use all 
dkills when ordering. 

Cost: $3.50 lor ihe firsl article and 
St 00 lor each additional article In the 
same order. Payment must accompany 

«der. . 

Deposit Account: A minimum ol 
•10.00 may be placed on deposit with 
AGU lor the purchase of separates. If 
lunds are on deposit, ihe cosl of the first 
article le only $2.00 and $1.00 for each 
additional article In the same order. 

Separates will be malted within 3 
weeks of Journal publication or within 10 
days It ordered after the Journal has 
appeared. Separates are available for 
purchase lor two years from date of 
publication. 

Copies ol English translations of arti- 
cles from Russian translation journals 
are available either in unedited form at 
the time ol their listing in EOS or In (Inal 
printed form when a Journal Is published. 
The charge Is $2.00 per Russian page. 

Send your order to; 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


[atilcli praclpitaiiOB. tha optical aorphology of 
it, autsta, M vail a* the topology of tha gaonag- 
illlc Maid. Bath la cha poatnoon and pra-ald- 
,l[hi taetora. It vaa obaarvad that (t) aquator- 
„ri of tha ragloo(a) or precipitation, the Ion 
llw vat predominantly veatuard, with velocity of 
Umt | |n/a, (2) polavatd of tha raglonla), the 
11 m val predominantly eaatvard, (3) the change in 
Ita (lev direction, vhara obaarvad, occurred over 
itsuiH not eaacily at tha od*aa of tha praciplta- 
I Ian region, (Al tha flow Inal da the precipitation 
njloa utl lever. 1 5) tha ravereal of the Ion flou, 
•i«ri sbaervad, occurred on cloand magnet U Maid 
Ileal . and (6) tha convective elocerte field tvpl- 
tiU? dropped froa to lo 40 aV/n outalde tha pro- 
drltitloa ration to 10 to 30 nV/n vithln. In tha 
(Hilda Capa Parry (light where quantitative pho- 
loetrlc eaaaurananta wera available, detailed an- 
Ucorrelai loo between the ton convacLLon apaad and 
tie dieen Hat entailon Intensity vua alio rbaerved. 
'lei .-envect Ion, auroral electric Nelda, davalde 
rleil, auroral area). 

J. Ceepbya. *•»., -lua, Paper 1A06A0 

MIS Aurorae 

libHAl EIECT5QB BEANS i ELECTS 1C CURRENTS AND 
PUCT SOURCES 

tt, Uufaann (Dept, of Phyalcm, UntveratLy ol 
In Sopahlra, Durban, N. H. 013241 
Ita aqulpocantlal atructurea and olactron boana 
no during rocket flight lBiL32 am analyzed, 
rte •qulporantlala which lead to beam foraatlon 
cube produced by etthar a mixiDua In the high 
tliliuda patent lal or a bIdIsub la the low alcl- 
Ma potential near a cloaad U-ahapad a true cure. 

Csld tonojpharlc aleecrona con enter tho acrol- 
"•tloa rag Ion near a cusp-like foe cure that 
Mptutaa eloiad and open electric equips tan- 
Ike analyila auggeata Chat aona otd- 
,l l h l lurcraa Bay derive energy froa the croea- 
ull elacirlc field. Blrkeland currant* dlalort 
“petit f laid Unaa so char plasma Tlou bv.cmee 
i l 'e*rnl end the alictric field divergence in- 
t'uiti naer tha aarth. The nhaarved cloaad and 
•tolpoilntlll structures develop ar artll 
Ic.er altlludaa „ rhaae olactrlc field* Intar- 
'■j with rha looaaphoro. Finally, horizontal 
fcoaphailc electric cuttanta are derived lor 
> • flight. Sudden changes in horizontal cur- 
at the adga of an active arc are ruich 
“ 1 «r than can ba azptalnod by Blrkeland cur- 
Ik* “baerved offacca can bo produced by 
Jnutlal dlacortlona of horizontal current 
“ ur the rocket. (Aurora*, loaoipherie c«r- 

i nrp t . I r l ‘uW 0tfnt “ “ * ■ 

*jlS Aurora* 

J**«ISH F«t n* AURORAL RED UIMHR BORDER 

tor Fhyilcil Sclanco and 
iirwa , o 4) URlra r 11 i of Maryland, college Park, 
’kiflanl 20742, USAJ 

jJn? 1 !* tor the generation of the 

«... ?t* T 5® rd »r of type B auroras aa arising 
it ih« i , " Kl °t Increased collision frequency 
hum «n tho distribution or ex- 

i«o ,h2 n ,h * "Itrogan molecule, Thorr are 

iti 1 ™*'* , * >l1 * spectral dlatributlons for the 
FlmidH*?*? I*" 5 ) ot the molecular nitrogen 
fA, , i ,V " one Tor normal auroras and 

It, (higher prassurel discharges. 

b lfc . , * tMir •P*6ttun is shifted In wavelength 
llllae toll islonal trsnsfor of etc l- 
iu.h . t0 l k« aurora] spactrus, and 

• lw ■•nlfaau Itself to the human eye ss 
t luminous flux In tho red. 

.amyTIW*" l “ v « suggested that It Is 
lurji, f ul0,f ttkat Je responsible for the red 
irim uUi Tf* P llced the lover limit of tho 
ti'unce..!. *! lon ,k *hout I ookm , Tha present 
tiig 1Sl JJ 1 ■•thjnH*, however, is conslsunt 
lika bright red omission st 

“Ill.lesM ?i M eltitudo offsets. 

I. ye" I far, visual aurora). 

•“Phje. Ua,, Blue. Paper 1AOB73 

* SD HEASUREHENTS OF 

t. rlL 1 " “ WWW- ARC 

<Rl “ UB, »*roity 1 Space Physics 

A I.I.IJ2*' *; *• Aoderiom, and P. A. Cloutier 
M "*Jetlvi.i. ,M ‘* T of • ,iel rlc field, current and 
sua j- ” lth “ auroral arc waa 

U u„v, t*d racket and radar experiment 

■'tai 2 *!oJ 7 } ,J *- The payload, da*!*- 

Ilat. i. “•* launched at 1013 p.m. local 
•Hog >g g the dlffuaa aurora on tha 

1,1 to a newi* 0 *®* tr * v a r, *d field llati connec- 
s th* i!!;!. ,rc ol *0 kR locnilty. 

!*^' 0 r c * rrl,d hy the payload wera 

«<l|, • *at of olcctraeiitlc 

l ’*:tioi a ta r i Bit ■lactrbn and pro cod 

■ht-of-iiBk.* ■laetron danilty and 

thaiaalka "■■aur^enta wars mad# by 

,t4a aod« <„ t L. r “Perating lo an elevatloo 
,k * «i*r ,u ■•vidian plana. Both 

•ta Hn a i ,i *“t BeaeuraMnta Indicated that 
l**t*ly coait^I 1 * ri,l d waa vaatward and approx - 
9F *ha arc with a uegnltud. 

r, t'*t log r J ' *** 11 dif f«canc*i batman thq 
*“le indie, Hr ■ 1 Petric flald mcaturs- 
. 1 hi the ° r upward drifting 

Ni waa l*I2 l !L 0r th * * rt ' The -mid tonal. 

!!5‘ ^t •agll.iSl "““'thwerd aquatorward of the 
"« vote U L*d > r , ® "tqhln tha are. Conduce le- 
. hirtja uriai ■“ , “*ed fluxes of ooargatlc 

JHW4 (.2 if T.. X Wth Ch * to'iiductivltlaz 
fe***T. maazur»znt* ot electron 

lndiclriS conductivity 

“stward „^ ltd th * r tha sonel current*. - • 

"tthla thT«! d£ th » “ r “ ^ ' ‘ 

I'Md u,ii vi,h .SH Tha** aleetrojor; oorrant* 

r lor,rr “' ,r ®- 

Zj* *>■(«» eitaacant waa obtained 

U klndlrSiU! 1 ¥l0i v *® Th* 

U,?* 'ha mTv® **“ ^entrant with BlliaranC*, 

tu IT n * MtldtaS, ** tr - aloetrl^ 

J* rtHtrU wrence coapwtad froa - 

m l * »^lr, r..T~ Ur * a,T,t . northward 
**t vei Xinaa tha nortbwerd ,, 

Within tha arc. * patr ol;;.- 


appoattoly dlvactad flald-.Hguad currani ahaaia 
asaoc la tad irlzh tha arc adgaa wta lor*rrn. unv- 
avar, tnaaa currant ahaata wort not delected by 
the rocket -borne vector ugnatonatar. The oeg- 
noeonater neanured a dounuird current In tha 
dir rule aurora aquatorward or a wide region of 
upward currant within which tha arc waa nhedded. 
The difference* in chi Mald-allgntd curtaac 
pactarna Inferred froa thr two nothods era attri- 
buted alt her co a Una dlpandeot field-aligned 
currant profllo or aaat-veat currant dtvergoner 
In tha region ( .f tha Harang discontinuity. 
(Auroral arcs, fleld-al igned currants. alacLro- 
Jatl, neuLral windaj. 

J. Caophya, Rne., Blu., Paper U0740 

SSL 3 Auroral 

AURORAL ELECTRON BEAMS: STABILITY AND ACCELERA- 

TION 

R. b. Xanlnann (Dipt, of Fhyalca, Unlvorilcy of 
Haw Hupeh Ira, Durham, U. R. 0)024) and 0. R. 
Ludlow 

Rinctros beau era Identifiable group* of 
electron* that occaaioaally era aaan atraaming 
along tha ugnatlc flald over active auroral 
areo. High energy beau appear at the outer 
edge* of the plateau la dlatributloa inner Ion i. 
Low energy bane are Ubedded wall wltbln a 
broad distribution function, and uaually are 
■sen whan the rocker la sur tha adga of an arc. 
Tha prasaat analyaln above chat the obaarvad 
dlatributloa function* containing low energy 
baaoe era unit eh la to upper hybrid wave# In tbe 
toned lice vicinity of tha rocket*. Tha noat un- 
it ab la weusj have growth lengths and perpendicu- 
lar wavelength* of 0.3 ka. Elaetroatatlc whlat- 
lero with wavelengths and growth length! of 
eevoval kllumatora nay grow wall above tha roc- 
ket. These growth length* ara too long to dee- 
troy tha observed beans through quasi I Inter or 
nonlinear processes. It la concluded that elec- 
trons ars accelerated In a parallel alaetrlc 
field itaociated with cloaad or U-shaped 
aqulporentlala. Tha elactrona becooa unstable 
during or if tor acceleration, and form plateaus 
plus residual high eoorgy beaaa. Low onargy 
baatas Involve acceleration of cold loaoipherie 
elect ran* that untar the acceleration region a- 
bovo open aqulpotontiala at tha edge of an ore. 
(Auroras, boats*, ploaa* Inatabllltlai, eccsl ora- 
tion) . 

J. Oaophya. Rot., Blue, Paper ]A 0 b 9 i) 


3339 Intaractioni betwsan vavaa and parttclas 
GENERATION OF ION-CONIC DISTRIBUTIONS BT UPCOtHO 
IONOSPHERIC ELECTRONS 

P. B. Dusanbary (Space Eovironnant laboratory, 
N0AA/ERL, Bouldar, CO. 80103, USA) and 
L. R. Lyons 

Downward currents In aurornl regions are common- 
ly maaiured with amplitudal of 1-5 uA/n’. Such 
currants ara likely tha raeult of opgolng thermal 
Ionospheric elactrona tailing through a field- 
aligned potent lal drop on tha erdst of lhalz char- 
nel energy. Similar d 1st ribul Iona of upgolng Ion- 
ospheric elactrona may also occur In raglona of 
diffusa auroral electron pruc ip list ton la pre- 
serve currant continuity In tha ptusanee of tha 
iota of the precipitating electrons to the ionos- 
phere. The drift valoclcv of Lh* upgolng elec- 
trons In sufficient to oxclte oUetrostailc loll- 
cvclotron waves. In addition to being In landau 
raBoninca with tha upgolng electrons, Lhsu* wavai 
cyclotron isaonate with the upgolng thermal Iona 
with a parallel energy of anvital »V. Calculated 
quos 1-1 Infer diirualor, rates ualng uaaeurad wave 
spectra Indicate that resonant Iona can ba hasted 
to perpend Uniat enatglea on the order of 100 
time a the initial ior thermal energy. Comparison 
with auroral panicle obeervatlon*. both at low 
altitude IJOO km I end higher altitude (• bOOO 
kn) ehowa that Ion-conic distribution* can readily 
ba explained by euch quaal-llnlnr diffusion. The 
results Imply that conic d Inert but Iona ahould not 
occur alBultanaoualr wlih tha k*V elect rue precip- 
itation aeaocintnd with dlicrale art* In regions 
of upward currant but nhould occur la raglona of 
upgolng ioooaphst lc elactrona which nay IncluJs 
ragloos of downward currant near the edgaa or 
auroral ate* and rcglwnu ci dirfuae auroral elec- 
tron precipitation. 

J. 'Jeuphya . Res., Blue. Fapnc LAOB07 

5943 Innoaphsrtc dllturbancaa 
EVIDENCE OE A VELOCITY SHEAR IN BUIE PLASMA 
MOTION ABECC1ATZD WITH THE POST- SUNSET RISE 
OT THE EQUATORIAL t LATER 

R. T. Taunoda, R. C. Livingston and C. L. Rtno 
(5RI International, Kenlo Fark, CA 9*021) 

Using tha aaat-waat delft of equatorial apraed- 
F (EBF) irregular I tin *i traeeta for horizontal 
bulk plana motion, wa ahow thee a valacizy ehear 
(with altitude) In asit-waac pleaoa drift axtata 
In the nighttime equatorial f layer. Hhen 
comb load with lneoherenl-acatror BMautemanta or 
the vi rt leal not Loo of tha F layar, wa find 
evidence that tha two-dtaeoelooal ?*■■»* ' lou 
pattern lo tha F region around B-reglon sunset 
raaamblsi • vortex. The velocity vortex le 
attribotad to (1) a velocity shear tbit 1* aat 
up by the P- region dynamo that baglni to function 
around E-region auniac, and (*> tti» poetaunait,^ 
rue of tb* F layer. The oxlataaca of a velocity 
shear vorlfiam tha l^ortance of tha 
neutral wind and F-ragloa dynamo In night tin* 
equatorial plan* alactrodynanlca, and allow* 
now latorpretation (or TM gaaeratlo* ptnctaao*. 
Oaophyt. Bat. Lott i, Pnpar LL0806 


Ionospheric disturbances . 

CENEHATI0N OF 8MALL-ECALE PnttB-ALl4flED 
IRREGULARITIES Iff IONOSPHERIC HEATIKG 

fflSbeater (Hox-PlMdc-Inatltoe Wr 
AeronoDle, D-5411 Kstlenburff-Llndau 5, 

FRG) A.C. Dss and J.A. »Jer 
The role of a thermal P 9r *”® t ^ l ^ n ' 
stability in the generation al smell- 

ss: ssriisawa seam 
snis SSTK ste- 

suit frS the interectian «r the P“*P 
wave eleotrio field with a»all 
lng density irreguleritiee. The tbrarti 
ol§ condi tione for the oxploelve Innta- 
billty ere calculated aaBualna W^***;. 
P-reglon plaema peraoetera, 
iodiflcatlon. parametric inetabillty) 

J, awphyi. R*e„ »«P“ 1aW * 1 

-si^aartsa-n-n-- 

sss^ss^-str 

Q2 US) Bantlmay Beau, 8. Cangulf J,A ' 

U toward inated oh..rv.ch»e of *1- ***•'"* | ■ 

sss2Ss srs*" 

;w*U-knovn midnight pai^ol tho wotld • . 

p- region known to occur la. tM* ^ 

la r ^a t l». SSTlh ^,ma 

bettoBslda mUctroB coot ■ , paaMti- 

■ .tint Illation and electron den- ■ , • 

pent of veetor. lop yelocl«« ^Urmined that . 
aitlaa dnrlni puoJ».al««ar * o| alatV ard 

, .olntUUMF"^,^ rith . 

and norttarard.eiaRfT^, . -mdlent caoaid by ■ . 1 

. dorchward digaMea J s Dhil|ht qnl-i 

4 ebb northward , oitm* Inacobiilty 

lap... drift . 

•ecbanloBi, a*«»*W* j^iUMiy, le <»*- 

ineeabUity e^d ‘ ta Vti^to-doaU IrtM^ 
owaarf in the WUj ^ZSSESem- 
LariciM giving ride to W nla^a inr 




Geomagnetism and Aeronomy 

Volume 19, Number 6 

Danilov A. D., Ledoraskaya S. Yu. Winter nncnnnly *»r Ihe irgirui /)-tu 4 rnnomic anil 

molenrologic aspects (rt-viow) 

Eroahenko E. G„ Zaalonkcr G. N., Zcrlznlov A. A.. Ivnnuv K. Ci., Tcmny V. V. 
Myilromagiiulir slruclinv nf inlurplnnolury a(n>ikiii» fiinn flnrrs in iiiigu^l, 

1072, 1. Shock Iranis nml gnmgiiPlic n giimsu 

Gottcluck Yu. V., Grigorian O. It., KiiviigIeibv S. N„ Siolpoviiky V. ti M Kudrin K. 
Slreonis of cnorgolic pnrticlrs nl high liilUuik* hy simiiilniu'inis !!ieftMiin*mi-n*s 

on Lwo A.S.E 

Shuvalov V, A. Flowing round of thr- sphoio by ik* slrosinis of imnrquilibrod ra- 

rofiud plasma 

Mikhailov A. V., Serobrlaknv B. E. A cnlciilrtllon »! daily vnri.il Ions nf tVie nnrn- 
motera of maximum of the iniildlc-lnliludiimi inngnotofiiii' l h'2-\ogi.ii\ ni (ho 

ionosphoro . I 
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